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Attorn e y's Docket Number: 5251 

Filing Date: 7/31/2000 

Claimed Foreign Priority Date: none 

Applicant(s): Liu et al. 

Examiner: Marcos D. Pizarro-Crespo 

DETAILED ACTION 

This Office action responds to the amendment in paper no. 13 filed on 2/19/2003. 
Continued Examination Under 37 CFR 1.114 

1. A request for a continued examination under 37CFR1.114, including the fee set 
forth in 37CFR1.17e, was filed in this application after the final rejection in paper no. 10, 
mailed on 10/21/2003. Since this application is eligible for a continued examination 
under 37CFR1.114, and the fee set forth in 37 CFR 1.17e has been timely paid, the 
finality of the previous Office action has been withdrawn pursuant to 37 CFR 1.114. 
Applicant's submission filed on 2/19/2003 has been entered. 

Acknowledgment 

2. The amendment in paper no. 13, filed on 2/19/2003, in response to the Office 
action in paper no. 10, mailed on 10/21/2003, has been entered. The present Office 
action is made with all the suggested amendments being fully considered. Accordingly, 
pending in this Office action are claims 16-35. 

Claim Rejections - 35 USC §112 

3. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 
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4. Claims 19 and 28-35 are rejected under 35 U.S.C. 112, first paragraph, as 
containing subject matter which was not described in the specification in such a way as 
to reasonably convey to one skilled in the relevant art that the inventor(s), at the time 
the application was filed, had possession of the claimed invention. 

5. Claim 19 recites that the step of forming the source/drain regions comprises "a 
self-limiting diffusion process". The description in the original disclosure (pp. 13/11. 19) 
describes a "corner-limiting diffusion process", but fails to support the self-limiting 
diffusion process recited in claim 19. 

Claim Rejections - 35 USC § 102 

■6: Thy Mluwiny is a quululiun uf Ihe appropiiate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

7. Claims 16, 17, 21, 24, 25, and 27 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Acovic (US 5315142). 

8. Regarding claim 16, Acovic (see, e.g., figs. 2-12) shows all aspects of the instant 
invention including a method of fabricating a semiconductor device with a trenched gate 
comprising: 

> forming an oxide layer 215 on the surface of a semiconductor substrate 130 

> forming a nitride layer 210 on the oxide layer 215 

> etching a trench 45 having substantially upright vertical sidewalls and a 
bottom surface in the substrate 130 
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> form i ng a tr e nch - to gato i nsu l ating layer i ns i do tho tronch 45 

> forming a trenched gate electrode 110 on the insulating layer 

> forming source/drain regions 47, 50 in the substrate 130 such that the regions 
partially extend laterally underneath the bottom of the trench 45 

> forming an inter-gate dielectric layer 115 on a top surface of the trenched gate 
electrode 110 

> forming a control gate electrode 40 on a top surface of the inter-gate dielectric 
layer 115 

w herein the insulating layer comprises a trench gate dielectric spacer 100 formed on the 
upright vertic al sidewalls inside the trench 45 and a trench gate tunneling dielectric 105 
formed on the bottom surface inside the trench 45. 

9. Regarding claim 17, Acovic shows the step of forming the trenched gate 
electrode further comprising the steps of: 

> depositing a layer 110 of polysilicon on the insulating layer inside the trench 
45 (see, e.g., fig. 10) 

> planarizing the layer 110 of polysilicon to a substantially planar orientation 
with a top surface of the substrate 130 (see, e.g., fig. 11) 

10. Regarding claim 21, Acovic shows that the nitride is silicon nitride (col.6/11.14). 

11. Regarding claim 24, Acovic shows the method further comprising a step of 
planarizing the trenched gate electrode using the nitride layer as a stop for the 
planarization process (col. 6/il. 45-48). 
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-4^ Regard in g c l a i m 25, Acov i c s how s th e m e thod further compr i s i ng a step of 

removing the nitride layer using a plasma etch (col. 6/II. 65-66). 

13. Regarding claim 27, Acovic further shows that the trench may be 5000 A deep 
(col.6/11.22). 

Claim Rejections - 35 (JSC § 103 

14. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this titfe, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

~T5~ This appllcanon currently names joint inventors, in considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

16. Claim 18 is rejected under 35 U.S.C. 103(a) as being unpatentable over Acovic 
in view of Lin (US 6127226) and Jaeger. 

17. Regarding claim 18, Acovic shows most aspects of the instant invention (see 
paragraphs 8-13 above), except for a step of implanting the substrate to form sidewall 
dopings in the substrate that laterally space the source/drain regions from the trench. 
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L in , on the other hand, shows (see, e.g., f i g. 5D) a step of i mp l ant i n g a 

semiconductor substrate 12 to form sidewall dopings 22 in the substrate 12 (see, e.g., 
fig. 9B). Moreover, Lin teaches that this step is a threshold implantation step 
(COI.4/II.65). 

Along these lines, Jaeger (pp.178) teaches that threshold voltage is directly 
related to substrate doping and that there are several tradeoffs involved in the choice of 
substrate doping. According to Jaeger (pp.178), Lin's threshold implantation step is 
routinely used in the art to separate the threshold-voltage design form other factors 
involved in the choice of substrate doping. 

Consequently, it would have been obvious at the time of the invention to one of 

ordinary skill in the art to include in Acovic's method the step suggested by Lin of 
implanting the substrate to form sidewall dopings since, as taught by Jaeger, this step is 
routinely used in the art to separate threshold voltage design considerations from other 
factors involved in the choice of substrate doping. 

18. Claim 20 is rejected under 35 U.S.C. 103(a) as being unpatentable over Acovic 
in view of Lin, Jaeger and Wolf (US 3873371 ). 

19. Regarding claim 20, see the comments stated above in paragraph 17 in regards 
to claim 18 and which are considered repeated here. 

In addition, Lin shows that the sidewall dopings are ion implanted at an angle to 
assure that the substrate sidewalls are implanted at the right dosage (see, e.g., fig. 5B; 
col.4/IL64-col.5/ll.3). Lin, however, fails to specify that the angle of implantation be 
between 15-57°. Angle differences, however, are considered obvious design choices 
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and are not patentab l e un l ess unobv i ous or unexpect e d r es u l t s a r e obt ai n e d from thooo 
changes. 

Wolf (col. 2/11.10-14), for example, teaches that the angle of implantation is a 
design variable that, if properly chosen, allows controlling the location at which the 
implanted impurities are introduced into the semiconductor substrate. 

Consequently, it would be an obvious matter of design choice to select a suitable 
angle to implant the sidewall dopings of Acovic/Lin/Jaeger, as taught by Wolf, since this 
angle is a variable of importance subject to routine experimentation and optimization 
and it is not inventive to discover the optimum or workable ranges by routine 
experimentation. In reAlfer, 220 R2d 454, 105 USPQ 233, 235. 

20. Claim 22 is rejected under 35 U.S.C. 103(a) as being unpatentable over Acovic. 

21. Regarding claim 22, Acovic shows most aspects of the instant invention (see 
paragraphs 8-13 above). In addition, Acovic discloses that the nitride layer is 
approximately 1000 A thick (col.6/11.15), instead of 1500 A thick, as recited in claim 22. 
Although the claimed thickness and the prior art thickness do not overlap, it has been 
held that a prima facie case of obviousness exists where the claimed and prior art 
ranges do not overlap but are close enough that one skilled in the art would have 
expected them to have the same properties. It appears that the differences in thickness 
between Acovic and the claimed invention produce no change in the properties of the 
nitride layer and therefore would have been obvious {Titanium Metals Corp of America 
v. Banner, 778 F.ed 775, 227 USPQ 773 (Fed. Cir. 1985)). 



Application/Control Number: 09/629,780 (Final Rejection) Page 8 

Art Unit: 2814 

-22, C l a i m 23 i s r e j e ct e d und e r 35 U.S.C. 103(a) as bo i ng unpatentab l e over Acov i c 

in view of Moon (US 5719085). 

23. Regarding claim 23, Acovic shows most aspects of the instant invention (see 
paragraphs 8-13 above). In addition, Acovic shows that the oxide layer is 400 A thick 
(col. 6/11.1 3), instead of the claimed thickness of 100 A. This oxide layer provides an 
etch stop for a subsequent silicon nitride removal step (col. 6/II. 60-63). In a similar 
method, Moon (col.3/ll.62-col.4/ll.2) teaches the use of a 100-A-thick oxide layer as an 
etch stop for the removal of silicon nitride. As suggested by Moon, it appears that the 
differences in thickness between Acovic and the claimed invention produce no change 
in the properties of the oxide layer and therefore would have been obvious (Titanium 
Metals Corp of America v. Banner, 778 F.ed 775, 227 USPQ 773 (Fed. Cir. 1985)). 

24. Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Acovic 
in view of Sharma (US 5382540). 

25. Regarding claim 26, Acovic shows most aspects of the instant invention (see 
paragraphs 8-13 above), except for a trench's width between 100-5000 A. Acovic 
(col.6/11.22), however, shows that the trench has a depth of approximately 5000 A. As 
Sharma teaches (col. 9/11. 20-30), it is important to choose the proper aspect ratio for 
Acovic's trench, i.e., the depth to width ratio, in order to facilitate its formation and to 
avoid voids within subsequently deposited layers. 

Consequently, it would be an obvious matter of design choice to select an 
appropriate width for Acovic's trench, as taught by Sharma, since this width is a variable 
of importance subject to routine experimentation and optimization, and it is not inventive 
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to d i scover the opt i mum or workab l e rangoo by rout i ne experimentat i on. — In re Aller, 
220, F,2d 454, 105 USPQ 233, 235. 

26. Claims 19, 28, 29, 32, 33, and 35 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Acovic in view of Kroger (US 4544937). 

27. Regarding claim 19, Acovic shows (see, e.g., figs. 2-12) most aspects of the 
instant invention including a method for fabricating a semiconductor device with a 
trenched gate comprising: 

> etching a trench 45 having substantially upright vertical sidewalls and a 
bottom surface in a semiconductor substrate 130 

> forming a trench-to-gate insulating layer inside the trench 45 

> forming a trenched gate electrode 110 on the insulating layer 

> forming source and regions 47, 50 in the substrate 130 such that the regions 
partially extend laterally underneath the bottom of the trench 45 

> forming an inter-gate dielectric layer 115 on a top surface of the trenched gate 
electrode 110 

> forming a control gate electrode 40 on a top surface of the inter-gate dielectric 
layer 115 

wherein the insulating layer comprises a trench gate dielectric spacer 100 formed on the 
upright vertical sidewalls inside the trench 45 and a trench gate tunneling dielectric 105 
formed on the bottom surface inside the trench 45. 
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Acov i c, however, fa il s to show the stop of form i ng tho source/dra i n reg i ons 

comprising a self-limiting diffusion process. Acovic differently performs ion implantation 
to form the source/drain regions (col. 7/II. 66-68). 

Kroger, on the other hand, teaches that diffusion and ion-implantation processes 
are equivalent doping techniques, both well known in the art (col. 6/II. 24-28). Moreover, 
a self-limiting diffusion process is one of the most widely used methods of introducing 
controlled amounts of impurities into a semiconductor substrate (col. 6/II. 28-36). 

Consequently, it would have been obvious at the time of the invention to one of 
ordinary skill in the art to substitute the ion-implantation step of Acovic by the self- 
limiting diffusion step suggested by Kroger in order to introduce controlled amounts of 
impurities into the substrate. 

28. Regarding claim 28, Acovic shows the method further comprising: 

> forming an oxide layer 215 on the surface of the substrate 130 

> forming a nitride layer 210 on the oxide layer 215 

29. Regarding claim 29, Acovic shows the nitride is silicon nitride (col. 6/11.14). 

30. Regarding claim 30, see the comments, which are considered repeated here, 
stated above in paragraph 21 in regards to claim 22. 

31. Regarding claim 32, Acovic shows the method further comprising the step of 
planarizing the trenched gate electrode using the nitride layer as a stop for the 
planarization process (col.6/IL45-48). 

32. Regarding claim 33, Acovic shows the method further comprising the step of 
removing the nitride layer using a plasma etch (col. 6/il. 65-66). 
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■93: R e gard i ng c l aim 35, Acovic shows that tho trench may bo 5000 A deep 

(col.6/11.22). 

34. Claim 31 is rejected under 35 U.S.C. 103(a) as being unpatentable over Acovic 
in view of Kroger and Moon. 

35. Regarding claim 31, see the comments, which are considered repeated here, 
stated above in paragraph 23 in regards to claim 23. 

36. Claims 34 is rejected under 35 U.S.C. 103(a) as being unpatentable over Acovic 
in view of Kroger and Sharma. 

37. Regarding claim 34, see the comments, which are considered repeated here, 
stated above in paragraph 25 in regards to claim 26. 

Response to Arguments 

38. Applicant's arguments with respect to claims 16-35 have been considered but are 
moot in view of the new ground(s) of rejection. 

Conclusion 

39. Papers related to this application may be submitted directly to Art Unit 2814 by 
facsimile transmission. Papers should be faxed to Art Unit 2814 via the Art Unit 2814 
Fax Center located in Crystal Plaza 4, room 3C23. The faxing of such papers must 
conform to the notice published in the Official Gazette, 1096 OG 30 (15 November 
1989). The Art Unit 2814 Fax Center number is (703) 308-7722 or -7724. The Art Unit 
2814 Fax Center is to be used only for papers related to Art Unit 2814 applications. 

40. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Marcos D. Pizarro-Crespo at (703) 308-6558 and 
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between the hours of 9 : 30 AM to 8:00 PM (Easte r n Sta nd a rd T i me) Monday through 
Thursday or by e-mail via Marcos. Pizarro(5)uspto.qov . If attempts to reach the 
examiner by telephone are unsuccessful, the examiner's supervisor, Wael Fahmy, can 
be reached on (703) 308-4918. 

41. Any inquiry of a general nature or relating to the status of this application should 
be directed to the Group 2800 Receptionist at (703) 308-0956 
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